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57 ABSTRACT

A pixel circuit includes an OLED, a driving transistor, first
and second transistors, a storage capacitor and a coupling
capacitor. The OLED includes an anode and a cathode con-
nected to a first voltage source. The driving transistor includes
a first node connected to a second voltage source, a second
node, and a third node connected to the anode. The first
transistor includes first, second and third terminals connected
to a data driving line, a first control signal source, and the
second node, respectively. The second transistor includes a
first terminal, a second terminal connected to a second control
signal source, and a third terminal connected to the anode and
the third node. The storage capacitor includes first and second
terminals connected to a third voltage source and the second
transistor, respectively. The coupling capacitor includes first
and second terminals connected to the second transistor and
the second node, respectively.

11 Claims, 10 Drawing Sheets
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1
PIXEL CIRCUIT AND DRIVING METHOD
AND DISPLAY DEVICE THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pixel circuit and its driv-
ing method and, more particularly, to an active matrix OLED
pixel circuit and its driving method suitable for compensating
transistor threshold voltage and OLED voltage.

2. Description of Related Art

Driving transistors of active matrix OLED (AMOLED)
can be classified to P-type transistors and N-type transistors
according to its back plate manufacture technologies. Please
refer to FIG. 1 and FIG. 2, which are prior P-type and N-type
driving circuits of AMOLED, respectively. As shown in FIG.
2, for the N-type driving circuit, there is a problem in that the
threshold voltage of the N-type transistor may be shifted. This
threshold voltage shift is caused by the generation of degra-
dation due to the manufacture variation and long-time opera-
tion, resulting in being unable to output a current same as the
initial current and thus producing mura or brightness decay.
Moreover, due to that the OLED is operated for a long time,
the operating voltage is increased following the increase of
the time. Thus, to solve the aforementioned problem, an
N-type compensation circuit is proposed. With reference to
both FIG. 3 and FIG. 4, there are a schematic diagram of
N-type AMOLED compensation driving circuit and a timing
diagram of N-type compensation driving circuit. As shown in
FIG. 3 and FIG. 4, it can be seen that the number of compo-
nents (61T2C) in the pixel circuit design is too many and the
driving signals (Sn, Sn', En, Xen) become too complicated,
resulting in being unable to satisfy the requirements of high
precision and high aspect ratio.

Therefore, it is desirable to provide an improved pixel
circuit and its driving method, in which N-type driving tran-
sistors are used to drive the OLED, and combined with a
plurality of transistors and capacitors to compensate the
threshold voltage of the N-type transistor and the voltage of
the AMOLED, so as to satisfy the requirements of high pre-
cision and high aspect ratio.

SUMMARY OF THE INVENTION

The invention provides a pixel circuit, which comprises: an
OLED including an anode, and a cathode connected to a first
voltage source; a driving transistor for driving the OLED
including a first node connected to a second voltage source, a
second node, and a third node connected to the anode; a first
transistor including a first terminal connected to a data driving
line, a second terminal connected to a first control signal
source, and a third terminal connected to the second node; a
second transistor including a first terminal, a second terminal
connected to a second control signal source, and a third ter-
minal connected to the anode and the third node; a storage
capacitor including a first terminal connected to a third volt-
age source and a second terminal connected to the first ter-
minal of the second transistor; and a coupling capacitor
including a first terminal connected to the first terminal of the
second transistor and a second terminal connected to the
second node.

In addition, in a reset stage, the first control signal source
provides a first control signal to turn the first transistor on, and
the data driving line inputs a reference voltage to the driving
transistor to reset the second node, the third node, and the first
terminal of the coupling capacitor; in a compensating stage,
the second node and the storage capacitor store a threshold
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voltage of the driving transistor, and the driving transistor is
transited from on state to off state; in a programming stage,
the second control signal source provides a second control
signal to turn off the second transistor, the data driving line
inputs a data voltage to the driving transistor, and a voltage of
the coupling capacitor is coupled to the first terminal of the
coupling capacitor; in a light emitting stage, the threshold
voltage and a voltage of the OLED are coupled to the second
node.

Moreover, the driving transistor, first transistor and second
transistor are N-type transistors.

Besides, the pixel circuit comprises a third transistor
including a first terminal connected to a forth voltage source,
a second terminal connected to a third control signal source,
and a third terminal connected to the second node, the forth
voltage source provides a reference voltage, the third transis-
tor is turned on according to a third control signal so as to
input the reference voltage to the second node.

Furthermore, the invention provides a method for driving a
pixel circuit, wherein the pixel circuit comprises an OLED
including an anode and a cathode connected to a first voltage
source; a driving transistor for driving the OLED, the driving
transistor including a first node connected to a second voltage
source, a second node and a third node connected to the
anode; a first transistor including a first terminal connected to
a data driving line, a second terminal connected to a first
control signal source and a third terminal connected to the
second node; a second transistor including a first terminal, a
second terminal connected to a second control signal source
and a third terminal connected to the anode and the third node;
a storage capacitor including a first terminal connected to a
third voltage source and a second terminal connected to the
first terminal of the second transistor; and a coupling capaci-
tor including a first terminal connected to the first terminal of
the second transistor and a second terminal connected to the
second node. The method comprises the steps of: (A) in a
reset stage, using the first control signal to turn on the first
transistor, and inputting a reference voltage to the driving
transistor for resetting the second node, the third node and the
first terminal of the coupling capacitor; (B) in a compensating
stage, storing a threshold voltage of the driving transistor to
the third node and the storage capacitor, and the driving
transistor being transited from on state to off state; (C) in a
programming stage, using the second control signal to turn
off the second transistor, inputting a data voltage to the driv-
ing transistor, and coupling a voltage of the coupling capaci-
tor to the first terminal of the coupling capacitor; and (D) in a
light emitting stage, coupling the threshold voltage and a
voltage of the OLED to the second node.

In addition, the invention provides a display panel, which
comprises: a plurality of pixel circuits arranged as a pixel
circuit matrix according a plurality of columns and rows; a
data driver having a plurality of data driving lines connected
to the pixel circuits on the columns of the pixel circuit matrix
for providing at least an input voltage; a scan driver having a
plurality of scan driving lines vertically intersected with the
data driving lines for being connected to the pixel circuits on
the rows of the pixel circuit matrix for providing at least a
switching voltage; a voltage generator having a plurality of
voltage supply lines respectively arranged between the scan
driving lines for being connected to the pixel circuits to sup-
ply at least a voltage source; a timing controller connected to
the data driver, the scan driver, and the voltage generator for
controlling the data driver, the scan driver, and the voltage
generator.
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Other objects, advantages, and novel features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a prior P-type driving
circuit of an AMOLED;

FIG. 2 is a schematic diagram of a prior N-type driving
circuit of an AMOLED;

FIG. 3 is a schematic diagram of a prior N-type compen-
sation driving circuit of an AMOLED;

FIG. 4 is a timing diagram of the compensation driving
circuit shown in FIG. 3;

FIG. 5 is a schematic diagram of the pixel circuit in accor-
dance with a preferred embodiment of the invention;

FIG. 6 is atiming diagram of the pixel circuit shown in FIG.
5;

FIG. 7 is another timing diagram of the pixel circuit shown
in FIG. 5;

FIG. 8 is a schematic diagram of the display panel in
accordance with a preferred embodiment of the invention;

FIG. 9 is a timing diagram for the display panel using three
rows of the pixel circuit matrix as a display unit in accordance
with the invention;

FIG. 10 is another timing diagram for the display panel
using three rows of the pixel circuit as a display unit in
accordance with the invention;

FIG. 11 is a schematic diagram of the pixel circuit in
accordance with another preferred embodiment of the inven-
tion;

FIG. 12 is a timing diagram of the pixel circuit shown in
FIG. 11; and

FIG. 13 is another timing diagram of the pixel circuit
shown in FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to FIG. 5, there is shown a schematic dia-
gram of a pixel circuit in accordance with a preferred embodi-
ment of the invention. As shown, the pixel circuit includes: a
driving transistor 50, an OLED 51, and a voltage control unit
52. The OLED 51 includes an anode 511 and a cathode 512,
wherein the cathode 512 is connected to a first voltage source
VSS that provides a first voltage Vss. The driving transistor
50 is preferred to be an N-type transistor including a first node
501, a second node 502 and a third node 503, wherein the first
node 501 is a drain electrically connected to a second voltage
source VDD that provides a second voltage Vdd, the second
node 502 is a gate, and the third node 503 is a source electri-
cally connected to the anode 511.

The aforementioned voltage control unit 52 includes a first
transistor 57, a second transistor 58, a storage capacitor 56
and a coupling capacitor 55. The first transistor 57 has a first
terminal 571 connected to a data driving line DATA, a second
terminal 572 connected to a first control signal source SW that
provides a first control signal, and a third terminal 573 con-
nected to the second node 502. The second transistor 58 has a
first terminal 581, a second terminal 582 connected to a
second control signal source SW that provides a second con-
trol signal, and a third terminal 583 connected to the anode
511 and the third node 503. The first and second transistors
57, 58 are preferred to be N-type transistors. The storage
capacitor 56 has a first terminal 561 connected to a third
voltage source REF1, and a second terminal 562 connected to
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the first terminal 581 of the second transistor 58. The coupling
capacitor 55 has a first terminal 551 connected to the first
terminal 581 of the second transistor 58, and a second termi-
nal 552 connected to the second node 502. Accordingly, when
the pixel circuit is in a reset stage, the first transistor 57 is
turned on by the first control signal, and a reference voltage
Vref'is inputted to the driving transistor 50 to reset the second
node 502, the third node 503 and the first terminal 581 of the
second transistor 58. When the pixel circuit is in a compen-
sation stage, a threshold voltage Vt of the driving transistor 50
is stored into the third node 503 and the storage capacitor 56,
and then the driving transistor 50 is transited from on state to
off state. When the pixel circuit is in a programming stage, the
second transistor 58 is turned off by the second control signal,
a data voltage is inputted to the driving transistor 50, and a
voltage of the coupling capacitor 55 is coupled to the first
terminal 581 of the second transistor 58. When the pixel
circuit is in a light emitting stage, the threshold voltage Vtand
a voltage Voled of the OLED 51 are coupled to the second
node 502. The aforementioned reset stage, compensation
stage, programming stage and light emitting stage are
executed repeatedly in sequence.

With reference to FIG. 6, which is a timing diagram ofthe
pixel circuit shown in FIG. 5, the circuit operation can be
divided into the reset stage (Reset), compensation stage
(Comp.), programing stage (Prog.) and light emitting stage
(Emitting). The on/off states of the driving transistor 50, the
first transistor 51, the second transistor 58 and the OLED 51
corresponding those stages are illustrated in Tablet, and a
voltage (VG) of the second node 502 of the driving transistor
50, a voltage (Vs) of the anode 511 of the OLED 51, a voltage
(VN) of the first terminal 551 of the coupling capacitor 55, a
voltage difference (VGS) between the second node 502 and
the anode 511, and a voltage difference (VGN) between the
second node 502 and the first terminal 551 of the coupling
capacitor 55 are illustrated in Table 2.

TABLE 1
Driving First Second

Cycle transistor transistor transistor OLED

Reset stage ON ON ON OFF

Comp. stage OFF ON ON OFF

Prog. stage ON ON OFF OFF

Emitting ON OFF ON ON

stage

TABLE 2
Reset Comp. Emitting
stage stage Prog. stage stage

Second node Vref Vref Vdata (Vdata — Vref) *
of the (1-fl)+Vt+
driving Voled
transistor
Vo)
Anode of the Vrst Vref -Vt Vist Voled
OLED (V)
First Vst Vref -Vt Vref* (1-1fl)+ Voled
terminal of Vdata * f1 -Vt
the coupling
capacitor
(V)
Voltage Veef- Vt Vdata — Vrst (Vdata — Vref) *
difference Vst (1-fl)+Vt
between the
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TABLE 2-continued

Reset Comp. Emitting

stage stage Prog. stage stage
second node
and the
anode (V)
Second node Vrwef- Vt (Vdata - Vref) *  (Vdata — Vref) *
and the first Vst (1-fl)+Vt (1-fl)+Vt
terminal of
the coupling
capacitor
(Vor)

As aresult, in the reset stage, the driving transistor 50, first
transistor 57, and second transistor 58 are in on state, and the
OLED 50 is in off state. The data driving line (Data) inputs a
reference voltage Vref to the first terminal 571 of the first
transistor 57, and then to the third terminal 573 of the first
transistor 57 so as to reset the second node 502 to be the
reference voltage Vref, and the second voltage Vdd is a reset
voltage Vrst at the same time, satisfying the relation of
Vref>Vrst+Vt, such that the third node 503 is reset to be the
reset voltage Vrst, and thus the first terminal 551 of the
coupling capacitor 55 is reset to be the reset voltage Vrst.

In the compensation stage, the first transistor 57 and the
second transistor 58 are in on state, and the OLED 51 is in off
state. The second node 502 is still the reference voltage Vref,
and the second voltage Vdd is transited to a high potential
voltage ELVDD at the same time, such that the driving tran-
sistor 50 is turned gradually from on to off by discharging,
and the anode 511 of the OLED 51 is discharged to Vref-Vt,
so as to measure the threshold voltage Vt of the driving
transistor 50 and then store it into the storage capacitor 56.

As shown in FIG. 6, after the compensation stage, there is
a space time (T_space), which is a period of time between the
compensation stage and the programing stage, and the space
time is greater than or equal to 0.

In the programing stage, the driving transistor 50 and the
first transistor 57 are in on state, and the second transistor 58
and the OLED 51 are in off state. The data driving line (Data)
inputs a data voltage Vdata to the first terminal 571 of the first
transistor 57, and then to the third terminal 573 of the first
transistor 57 so as to allow the second node 502 to be the data
voltage Vdata, and the second voltage Vdd is the reset voltage
Vrst at the same time, such that the voltage VN of the first
terminal 511 of the coupling capacitor 55 is coupled, via the
coupling capacitor 55, to:

Vi = Vref — Vi+ (Vdata— Vref)= f1 ()

=Vref (1 — f1)+ Vdatax f1 - Vi,

and the voltage difference between the second node 502 and
the first terminal 511 of the coupling capacitor 55 is:

Ven = Vdata— (Vref(1 = f1) + Vdatax f1 - Vi) 2)

= (Vdata— Vref)«(1 — f1)+ Vi,

wherein f1=Ccp/(Ccp+Cst), Cep is capacitance value of the
coupling capacitor 55, and Cst is capacitance value of the
storage capacitor 56. The storage capacitor 56 has both the
threshold voltage Vt and data voltage Vdata in the previous
stage, such that the voltage difference V 5, between the sec-
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6

ond node 502 and the first terminal 551 of the coupling
capacitor 55 is greater than or equal to the threshold voltage
Vt. Meanwhile, the OLED 51 cannot be turned on, and thus
the following conditions have to be satisfied:

Vrst=Vss+Voled(0),

wherein Voled(0) is a turn-on voltage of the OLED 51.
Inthe light emitting stage, the driving transistor 50, second
transistor 58 and OLED 51 are in on state, and the first
transistor 57 is in off state. The anode 511 and the first termi-
nal 551 of the coupling capacitor 55 are both the voltage Voled
of' the OLED 51, and the coupling capacitor 55 couples the
voltage Voled of the OLED 51 to the second node 502:

3

Va = Vdata + (Voled — (Vref « (1 — f1) + Vdatax f1 — Vi) 4

= (Vdata— Vref) = (1 — f1)+ Vi + Voled,

while the voltage difference between the second node 502 and
the anode 511 is:

Vs=(Vdata—-Vref)*(1-f1)+ V2, (5)

so that the output current I, ; of the driving transistor 50 can
be expressed as:

Loted = Kp= (Vas — Vi) ©)

= Kp«[(Vdata— Vref)«(1 - f1)I%,

where Kp="2(u*COX)(W/L), nis carrier mobility of the driv-
ing transistor 50, COX is a per area capacitance of the driving
transistor, and (W/L) is a width to length ratio of the driving
transistor 50. From equation (6), it can be known that the
output current of the driving transistor 50 is not related with
the threshold voltage Vt and the voltage of the OLED 51
(V,10q), thereby not only compensating the threshold voltage
of the transistor and the voltage of the AMOLED, but also
satisfying the requirements of high precision and high aspect
ratio.

Itis noted that, in the light emitting stage, there are charges
distributed into the first terminal 551 of the coupling capacitor
55 and the third node 503 due to the second transistor 58 being
turned on instantaneously. In the moment of turning on the
second transistor 58, the first terminal 551 of the coupling
capacitor 55 can be expressed as:

V= {Var_pro*Cst4¥Vs_ . *Coled}/(Cst+Coled), 7

where Coled is a capacitance value of the OLED 51,V . is
the voltage of the first terminal 551 of the coupling capacitor
55 in the program stage (i.e. Vref*(1-f1)+Vdata*{f1-Vt), and
Vs _pro 18 the voltage of the third node 503 in the program
stage. If the capacitance value can be ignored (i.e. the Coled
is much smaller than the capacitance value of the storage

capacitor 56 (Cst)), the equation (7) can be simplified as:

Vy=Vref*(1-f1)+Vdata*f1-Vz. (®)

It is thus known that the voltage of the first terminal 551 ofthe
coupling capacitor 55 is maintained to be unchanged, i.e., it
still stores the threshold voltage Vt and the voltage of the
OLED 51 (Voled). However, if the capacitance value Coled
cannot be ignored, the stored threshold voltage Vt of the first
terminal 551 of the coupling capacitor 55 may be lost due to
the charges distributed between it and the third node 503.
With reference to both FIG. 5 and FIG. 7, FIG. 7 is another
timing diagram of the pixel circuit shown in FIG. 5. The
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timing diagram of FIG. 7 is similar to that of FIG. 6 except
that, in the programming stage, the second voltage is the high
potential voltage ELVDD and the driving transistor 50 is not
reset. The timing diagram shown in FIG. 7 is preferred to be
used in the situation that the capacitor Coled of the OLED 51
cannot be ignored (i.e., Coled is not much smaller than the
capacitance value Cst of the storage capacitor 56). In the
programming stage, the third node 503 is reset to Vdata-V1.
In the moment of turning on the second transistor 58, the
voltage V,, of the first terminal 551 of the coupling capacitor
55 is transited as:

Vy ={[Vref «(1 — f1) + Vdatax f1 — Vi] «Cst + [©)]

[Vdata — Vi] « Coled} | (Cst + Coled)
={[Vref = (1 — f1) + Vdatax 1]« Cst + (Vdatax Coled)}/
(Csr + Coled) — Vi

= Func(Vref , Vdata, Cep, Cst, Coled) — Vi,

where Func(Vref, Vdata, Ccp, Cst, Coled) is a function of
Vref, Vdata, Ccp, Cst and Coled. From equation (9), it can be
known that, in the moment of turning on the second transistor
58, the threshold voltage stored by the first terminal 551 of the
coupling capacitor 55 is not lost. Under the timing diagram
shown in FIG. 7, the second node 502 voltage (V ), the anode
511 voltage (V) of the OLED 51, the voltage (V) of the first
terminal 551 of the coupling capacitor 55, the voltage differ-
ence (V) between the second node 502 and the anode 511,
and the voltage difference (V) between the second node
502 of the driving transistor 50 and the first terminal 551 of
the coupling capacitor 55 are illustrated in Table 3.

TABLE 3

Reset Emitting

stage Comp. stage Prog. stage stage
Second Vref Vref Vdata Func (Vref,
node of the Vdata,
driving Ccp, Cst,
transistor Coled) + Vt +
Ve Voled
Anode of Vist Vref - Vt Vdata - Vt Voled
the OLED
Vs
First Vst Vref -Vt Vreef * (1 -fl)+ Voled
terminal of Vdata * f1 - Vt
the coupled
capacitor
(V)
Voltage Veef- Vt Vt Func(Vref,
difference Vrst Vdata,
between the Ccp, Cst,
second node Coled) + Vt
and the
anode (V)
Voltage Veef- Vt (Vdata - Vref) *  Func (Vref,
difference Vst (1-fl)+Vt Vdata,
between the Ccp, Cst,
second node Coled) + Vt
and the first
terminal of
the coupling
capacitor
Ven)

The invention also provides a method for driving a pixel
circuit. Also with reference to the pixel circuit shown in FIG.
5, the method includes the steps of: (A) in the reset stage,
using the first control signal SN to turn on the first transistor
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57, and inputting the reference voltage Vref to the driving
transistor 50 for resetting the second node 502, the third node
503 and the first terminal 581 of the second transistor 58; (B)
in the compensating stage, storing a threshold voltage Vt of
the driving transistor 50 to the third node 503 and the storage
capacitor 56, and the driving transistor 50 being transited
from on state to off state; (C) in a programming stage, using
the second control signal SW to turn off the second transistor
58, inputting the data voltage Vdata to the driving transistor
50, and coupling a voltage of the coupling capacitor 55 to the
first terminal 551 of the coupling capacitor 55; and (D) in the
light emitting stage, coupling the threshold voltage Vt and a
voltage Voled of the OLED 51 to the second node 502.

With reference to FIG. 8, there is shown a schematic dia-
gram of the display panel using the aforementioned pixel
circuit in accordance with a preferred embodiment of the
invention, which includes: a plurality of pixel circuits 80, a
data driver 81, a scan driver 82, a voltage generator 83, and a
timing controller 84. The pixel circuits 80 are arranged as a
pixel circuit matrix according a plurality of columns and
rows. The data driver 81 has a plurality of data driving lines
(Data_1, Data_2, Data_3, . . .) connected to the pixel circuits
80 on the columns of the pixel circuit matrix for providing at
least an input voltage. The scan driver 82 has a plurality of
scan driving lines (SN_1, SW_1, SN_2, SW_2, SN_3,
SW_3, .. .) vertically intersected with the data driving lines
for being connected to the pixel circuits on the rows of the
pixel circuit matrix for providing at least a switching voltage.
The voltage generator has a plurality of voltage supply lines
respectively arranged between the scan driving lines for being
connected to the pixel circuits so as to supply at least a voltage
source. The timing controller 84 is connected to the data
driver 81, the scan driver 82, and the voltage generator 83,
respectively, for controlling the data driver 81, the scan driver
82, and the voltage generator 83. In one embodiment, the
display panel configures three rows of the pixel circuit matrix
as a display unit. The reset stage, compensation stage, pro-
graming stage and light emitting stage of each display unit are
executed sequentially, and the display units are performed
sequentially.

With reference to FIG. 9, there is shown a timing diagram
for the display panel using three rows of the pixel circuit
matrix, shown in FIG. 8, as a display unit in accordance with
the invention. The embodiment shown in FIG. 9 is similar to
that in FIG. 6 except that, in the programming stage, the scan
driver 82 sequentially turns on the first transistors 57 of the
pixel circuits 80 of each row for the display unit via the scan
driving lines (SN_1, SN_2, SN_3) and, at the same time, the
data driving line Data(m) inputs a set of data voltage Vdata
(1,2,3). The set of data voltage Vdata(1,2,3) sequentially
inputs a data voltage to the first transistors 57 of the pixel
circuits 80 of each column. The set of data voltage Vdata(l,
2,3) sequentially inputs a data voltage to the first transistors
57 of the pixel circuits 80 of each column, corresponding to
the scan driving lines (SN_1, SN_2, SN_3) sequentially turn-
ing on the first transistors 57 of the pixel circuits 80 of each
row. The remaining is operated in the same manner. When the
display unit completes the reset stage, the compensation
stage, the programming stage and the light emitting stage, the
next display unit is then performed sequentially.

With reference to both FIG. 8 and FIG. 10, FIG. 10 is
another timing diagram for the display panel using three rows
of' the pixel circuit matrix, shown in FIG. 8, as a display unit
in accordance with the invention. As shown in FIG. 10, this
embodiment is similar to that in FIG. 7 except that, in pro-
gramming stage, the scan driver 82 sequentially turns on the
first transistors 57 of the pixel circuits 80 of each of three rows
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for the pixel circuit matrix via the scan driving lines (SN_1,
SN_2, SN_3) and, at the same time, the data driving line
Data(m) inputs a set of data voltage Vdata(1,2,3). The set of
data voltage Vdata(1,2,3) sequentially inputs a data voltage to
the first transistors 57 of the pixel circuits 80 of each row. The
set of data voltage Vdata(1,2,3) sequentially inputs a data
voltage to the first transistors 57 of the pixel circuits 80 of
each row corresponding to the scan driving lines (SN_1,
SN_2, SN_3)sequentially turning on the first transistors 57 of
the pixel circuits 80 of each row. The remaining is operated in
the same manner. This embodiment is different from FIG. 9
only in that, in the programming stage, the second voltage
Vdd_1,2.3 provided by the voltage supply lines of the voltage
generator 83 is maintained at a high voltage ELVDD and the
driving transistor 50 is not reset, while the remaining is the
same.

With reference to FIG. 11, there is shown a schematic
diagram of the pixel circuit in accordance with another pre-
ferred embodiment of the invention. This embodiment is dif-
ferent from FIG. 5 only in that a third transistor 119 is added.
The third transistor 119 has a first terminal 1191 connected to
a fourth voltage source REF2, a second terminal 1192 con-
nected to a third control signal source SR that provides a third
control signal Vsr, and a third terminal 1193 connected to the
second node 502, wherein the fourth voltage source REF2 is
used to provide the reference voltage Vref. Please also refer to
FIG. 12, which is a timing diagram of the pixel circuit shown
in FIG. 11. It is proposed to reduce the turn-on frequency of
the first control signal Vsn in FIG. 6, and to turn on the third
transistor 119 by the third control signal Vsr so as to input the
reference voltage Vref, while the remaining is the same.

With reference to both FIG. 11 and FIG. 13, FIG. 13 is
another timing diagram of the pixel circuit shown in FIG. 11.
As shown in FIG. 13, this embodiment is different from FIG.
7 only in that the turn-on frequency of the first control signal
Vsn in FIG. 7 is decreased, and the third transistor 119 is
turned on by the third control signal Vsr so as to input the
reference voltage Vref, while the remaining is the same. Fur-
ther, this embodiment is different from FIG. 12 only in that, in
the programming stage, the second voltage Vdd provided by
the voltage supply lines of the voltage generator 83 is main-
tained at a high voltage ELVDD and the driving transistor 50
is not reset, while the remaining is the same.

Although the present invention has been explained in rela-
tion to its preferred embodiment, it is to be understood that
many other possible modifications and variations can be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A pixel circuit, comprising:

an OLED including an anode, and a cathode connected to
a first voltage source;

a driving transistor for driving the OLED, the driving tran-
sistor including a first node connected to a second volt-
age source, a second node, and a third node connected to
the anode;

a first transistor including a first terminal connected to a
data driving line, a second terminal connected to a first
control signal source, and a third terminal connected to
the second node;

a second transistor including a first terminal, a second
terminal connected to a second control signal source,
and a third terminal connected to the anode and the third
node;

40

45

50

55

60

65

10

a storage capacitor including a first terminal directly con-
nected to a third voltage source and a second terminal
directly connected to the first terminal of the second
transistor; and

a coupling capacitor including a first terminal directly con-
nected to the first terminal of the second transistor and a
second terminal directly connected to the second node;

wherein, in a compensating stage, a voltage of the second
voltage source is applied to the driving transistor, and the
voltages of the second voltage source are switched
between two voltage levels in a reset, the compensating,
and a programming stages.

2. The pixel circuit as claimed in claim 1, wherein, in the
reset stage, the first control signal source provides a first
control signal to turn on the first transistor, and the data
driving line inputs a reference voltage to the driving transistor
for resetting the second node, the third node and the first
terminal ofthe coupling capacitor; in the compensating stage,
the third node and the storage capacitor store a threshold
voltage of the driving transistor, and the driving transistor
transits from on state to off state; in the programming stage,
the second control signal source provides a second control
signal to turn off the second transistor, the data driving line
inputs a data voltage to the driving transistor, and a voltage of
the coupling capacitor is coupled to the first terminal of the
coupling capacitor; in a light emitting stage, the threshold
voltage and a voltage of the OLED are coupled to the second
node.

3. The pixel circuit as claimed in claim 1, wherein the
driving transistor, the first transistor and the second transistor
are N-type transistors.

4. The pixel circuit as claimed in claim 1 further compris-
ing a third transistor including a first terminal connected to a
fourth voltage source, a second terminal connected to a third
control signal source, and a third terminal connected to the
second node, the fourth voltage source providing a reference
voltage, the third transistor being turned on according to a
third control signal so as to input the reference voltage to the
second node.

5. A method for driving a pixel circuit, the pixel circuit
comprising an OLED including an anode, and a cathode
connected to a first voltage source; a driving transistor for
driving the OLED, the driving transistor including a first node
connected to a second voltage source which provides a sec-
ond voltage, a second node and a third node connected to the
anode; a first transistor including a first terminal connected to
a data driving line, a second terminal connected to a first
control signal source and a third terminal connected to the
second node; a second transistor including a first terminal, a
second terminal connected to a second control signal source
and a third terminal connected to the anode and the third node;
a storage capacitor including a first terminal directly con-
nected to a third voltage source and a second terminal directly
connected to the first terminal of the second transistor; and a
coupling capacitor including a first terminal directly con-
nected to the first terminal of the second transistor and a
second terminal directly connected to the second node, the
method comprising the steps of:

(A) in a reset stage, using the first control signal to turn on
the first transistor, and inputting a reference voltage to
the driving transistor for resetting the second node, the
third node and the first terminal of the coupling capaci-
tor;

(B) in a compensating stage, storing a threshold voltage of
the driving transistor to the third node and the storage
capacitor, and the driving transistor being transited from
on state to off state;
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(C) in a programming stage, using the second control sig-
nal to turn off the second transistor, inputting a data
voltage to the driving transistor, and coupling a voltage
of the coupling capacitor to the first terminal of the
coupling capacitor; and

(D) in a light emitting stage, coupling the threshold voltage
and a voltage of the OLED to the second node;

wherein, the voltages of the second voltage source are
switched between two voltage levels in the reset, the
compensating, and the programming stages.

6. The method as claimed in claim 5, wherein, in step (A),
the second voltage is a first reset voltage, and the reference
voltage is greater than a sum of the first reset voltage and a
threshold voltage.

7. The method as claimed in claim 5, wherein, in step (C),
the second voltage is a second reset voltage, and the second
reset voltage is lower than or equal to a sum of the first voltage
and an initial voltage of the OLED.

8. The method as claimed in claim 5, wherein the driving
transistor, the first transistor and the second transistor are
N-type transistors.

9. The method as claimed in claim 5, wherein the pixel
circuit further comprising a third transistor including a first
terminal connected to a fourth voltage source, a second ter-
minal connected to a third control signal source, and a third
terminal connected to the second node, the third control sig-
nal source providing a third control signal, the fourth voltage
source providing the reference voltage, so that, in step (A), the
third transistor is turned on according to a third control signal
s0 as to input the reference voltage to the second node.

10. A display panel, comprising:

a plurality of pixel circuits arranged as a pixel circuit

matrix according a plurality of columns and rows;

a data driver having a plurality of data driving lines con-
nected to the pixel circuits on the columns of the pixel
circuit matrix for providing at least an input voltage;

a scan driver having a plurality of scan driving lines verti-
cally intersected with the data driving lines for being
connected to the pixel circuits on the rows of the pixel
circuit matrix for providing at least a switching voltage;

a voltage generator having a plurality of voltage supply
lines respectively arranged between the scan driving
lines for being connected to the pixel circuits to supply at
least a voltage source;

a timing controller connected to the data driver, the scan
driver, and the voltage generator for controlling the data
driver, the scan driver, and the voltage generator,

wherein each of the pixel circuits comprises:
an OLED including an anode, and a cathode connected

to a first voltage source;
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a driving transistor for driving the OLED, the driving
transistor including a first node connected to a second
voltage source, a second node, and a third node con-
nected to the anode;

a first transistor including a first terminal connected to a
data driving line, a second terminal connected to a
first control signal source and a third terminal con-
nected to the second node;

a second transistor including a first terminal, a second
terminal connected to a second control signal source
and a third terminal connected to the anode and the
third node;

a storage capacitor including a first terminal directly
connected to a third voltage source and a second ter-
minal directly connected to the first terminal of the
second transistor; and

a coupling capacitor including a first terminal directly
connected to the first terminal of the second transistor
and a second terminal directly connected to the sec-
ond node;

wherein, in a compensating stage, a voltage of the sec-
ond voltage source is applied to the driving transistor,
and the voltages of the second voltage source are
switched between two voltage levels in a reset, the
compensating, and a programming stages.

11. A pixel circuit, comprising:

an OLED including an anode, and a cathode directly con-
nected to a first voltage source;

a driving transistor for driving the OLED, the driving tran-
sistor including a first node directly connected to a sec-
ond voltage source, a second node, and a third node
directly connected to the anode;

a first transistor including a first terminal directly con-
nected to a data driving line, a second terminal directly
connected to a first control signal source, and a third
terminal connected to the second node;

a second transistor including a first terminal, a second
terminal directly connected to a second control signal
source, and a third terminal connected to the anode and
the third node;

a storage capacitor including a first terminal directly con-
nected to a third voltage source and a second terminal
directly connected to the first terminal of the second
transistor; and

a coupling capacitor including a first terminal directly con-
nected to the first terminal of the second transistor and a
second terminal directly connected to the second node.
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